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MPNs 

 
ET – PV - PMF  

 

A  Human Inflammation Model ? 

 

A Human Cancer Model ? 

 
Chronic Inflammation – Genomic Instability - Clonal  Evolution ? 

 
 



Tumor Burden and Comorbidity Burden in MPNs 
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    The Inflamed Bone Marrow 

 

              Cytokine Storm 

   

         Bone Marrow Failure 

 

 TNF-Alpha 

IL-6 ,IL-8 

 

IL-11, HGF 

 TNF-Alpha 

IL-6 ,IL-8 

 

IL-11, HGF 

                 Conclusion I 

Inflammation in The Bone Marrow 



 

    

 
 

 

 

         Conclusion II 

Inflammation in The Circulation  

Circulating Leukocyte –Platelet Aggregates  

         Microcirculatory Disturbances  

 



 

    

 
 

 

 

         Conclusion III 

Inflammation in The Spleen  



Conclusion IV 

 

 How to Quell the Fire  ?                                        

 

• Early intervention when the chance of quelling 
the fire is the very best : 

 

•     STOP THE FUEL SUPPLY : Interferon-alpha  

•     ANTIINFLAMMATION : JAK1-2 inhibitor, statin 

        HDACi ? 

   



Early Prefibrotic 

 Myelofibrosis 

   Advanced  

 Myelofibrosis 





• Chronic Inflammation in MPNs –evidence ? 

    -    Epidemiological ? 

     -    Histopathological  ? 

     -    Clinical ?  

     -    Biochemical ? 

     -    Molecular ( eg. gene expression profiling ) ? 

• Perspectives ? 

     - Early Intervention at The Time of Diagnosis ?  

       

 



 

 

 

Chronic Inflammation in MPNs   

 
The Evidence ? 

 

Epidemiological data 

  

 
 

• Anderson LA, Pfeiffer RM, Landgren O et al. Risks of myeloid malignancies 
in patients with autoimmune conditions. Br J Cancer. 2009;100(5):822-828. 

 

• Kristinsson SY, Bjorkholm M, Hultcrantz M et al. Chronic immune stimulation 
might act as a trigger for the development of acute myeloid leukemia or  
myelodysplastic syndromes. J Clin Oncol. 2011; 29(21):2897-2903. 

 

• Kristinsson SY, Landgren O, Samuelsson J et al. Autoimmunity and the risk of 
myeloproliferative neoplasms. Haematologica. 2010;95(7):1216-1220. 
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Chronic Inflammation in MPNs   

 
The Evidence ? 

Histopathological Data  
Several reports  supporting the participation of immune mechanisms  

in the development of bone marrow fibrosis.   

 

 

• Lennart K, Nagaj K, Scharze EW. In: Videbaek Aa, ed. Polycythaemia vera 
and myelofibrosis, Clinics in Haematology. London: Saunders, 1975; 80-102. 

 

• Barge J, Slabodsky-Brousse N, Bernard JF. Histoimmunology 

      of myelofibrosis: a study of 100 cases. Biomedicine 1978; 29: 73-75. 

 

• Hunstein W. Experimental myelofibrosis. CIin Haematol 1975; 11:457-478. 

 

• Groopman JE. The pathogenesis of myelofibrosis in myeloproliferative 

• disorders. Ann Intern Med 1980; 92857-8. 



Chronic Inflammation in MPNs  

    -   Epidemiological ? 

     -    Histopathological  ? 

     -    Clinical ?  

     -    Biochemical ? 

     -    Molecular ( eg. gene expression profiling ) ? 

• Perspectives ? 

     - Early Intervention at The Time of Diagnosis ?  

       

 



Platelet–Leukocyte Interactions Link  

Inflammatory and Thromboembolic events  

 

Ann. N.Y. Acad. Sci. 1207 (2010) 11–17 



 

 

 

A Link Between Chronic Inflammation and  

Thrombosis in  MPNs   ? 

 

 
  

.                                                       Landolfi R, Di Gennaro L  

                  Editorial: Pathophysiology of thrombosis in myeloproliferative neoplasms 

                                              Haematologica 2011;96(2):183-186 

                                                             

.  

Haematologica 2011;96(2):315-318  



A Link Between Chronic Inflammation and  

(Premature) Atherosclerosis  in MPNs   

 
The Evidence ? 

 

  
• Chronic inflammation has an important role in the development of 

      atherosclerosis 

• Chronic inflammatory diseases (eg, rheumatoid arthritis, psoriasis, and 

      systemic lupus erythematosus) are associated with accelerated 

      atherosclerosis (premature atherosclerosis)  

• Chronic inflammation has an important impact on the development of 

      premature atherosclerosis in patients with diabetes mellitus 

. 

     

                                               





 

  Previous or Concurrent Autoimmune or  

    Chronic Inflammatory Diseases in MPNs 

 
• Systemic lupus erythematosus 

• Progressive systemic sclerosis 

• Primary biliary cirrhosis 

• Ulcerative colitis, mb. Crohn 

• Nephritic syndrome 

• Polyarteritis nodosa 

• Sjogren syndrome 

• Juvenile rheumatoid arthritis 

• Psoriasis 

• Polymyalgia rheumatica /arteritis temporalis 
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Autoimmunity in Myelofibrosis 
Immune-Related Abnormalities 

 

• Antibodies to RBCs (detected in the Coombs test) 

• Anti-nuclear and -mitochondrial antibodies (ANA and 

AMA) 

• Rheumatoid factor, lupus-like anti-coagulant 

• Low levels of complement 

• Increased levels of immune complexes and interleukin-2 

soluble receptors (s-IL2R) 



Cytokine Profiling Study in Myelofibrosis 

 

• IL-1, IL-1RA, IL-2R, IL-6, IL-8, IL-10, IL-12, IL-13, IL-15 

• TNF-alpha  

• G-CSF  

• IFN-alpha 

• IFN-inducible protein 10 (IP-10)  

• Macrophage inflammatory protein 1(MIP-1) 

• Monokine induced by IFN-gamma (MIG) 

• Monocyte chemotactic protein 1 (MCP-1) 

• Hepatocyte growth factor (HGF), 

• Vascular endothelial growth factor (VEGF) 

Tefferi A, Vaidya R, Caramazza D, Finke C et al. Circulating Interleukin (IL)-8, IL-2R, IL-12, and IL-15 

Levels Are Independently Prognostic in Primary Myelofibrosis: A Comprehensive Cytokine Profiling Study. 

J Clin Oncol  2011; 29:1356-1363. 

 

                                    Elevated Cytokines 
 



Barbui T et al Leukemia (2013) 27, 2084–2086  

Leukemia-free survival by high ( > 7 mg/l) and low ( < 7 mg/l) levels of hs-CRP (a)  

                              and according to the new scoring system (b) 
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The Biological Continuum 
Chronic Inflammation – Clonal Evolution –Cancer  

Chronic Inflammation 

Chronic Inflammation 

IFI27 



Principal Component Analysis 

Skov V, Thomassen M, Riley CH et al. Gene  

expression profiling with principal component  

analysis depicts the biological continuum from  

essential thrombocythemia over polycythemia  

vera to myelofibrosis.   

Exp Hematol. 2012 ;40(9): 771-780. 



Gene Clusters 

 

• Inflammation 

• Immune system 

• Platelet alpha granule  

• Apoptosis 

 



Oxidative Stress  

Reactive Oxygen Species  

(ROS) 

 

Genomic Instability  

 

Clonal Evolution 



 

 

 

 

 

 

 

MPNs 

 

A  Human Inflammation Model ? 

 
Reactive Oxygen Species 

 

ROS 
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Chronic  

Inflammation 

Cytokine 

Storm  
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Chronic  

Inflammation 



Oxidative Stress – ROS-Genomic Instability - Cancer 





• JAK2V617F induces accumulation of ROS 

• ROS induces DNA-damage in stem cells  

• DNA-damages induce  genomic instability 

• Genomic instability induces mutations 
 

Marty C, Lacout C, Droin N et al. A role for reactive oxygen species in   

JAK2(V617F) myeloproliferative neoplasm progression. Leukemia. 2013 Apr 5.  



Oxidative Stress  

Reactive Oxygen Species  

(ROS) 

 

Fibrosis ? 
 



ROS Mediate Many of TGF-β’s Fibrogenic Effects 

Liu RM. Oxidative stress and glutathione in TGF-beta-mediated fibrogenesis. Free Radical Biol Med 2010;48(1):1-15 



A simplistic model of hematopoietic stem cell niches 

Lataillade JJ, Pierre-Louis O, Hasselbalch HC , Uzan G, Jasmin C, Martyré MC, Le Bousse-Kerdilès MC; French INSERM 

 and the European EUMNET Networks on Myelofibrosis.  Does primary myelofibrosis involve a defective stem cell niche? 

 From concept to evidence.. Blood. 2008 15;112(8):3026-35.  



A simplistic model of hematopoietic stem cell niches 

         



The chicks are flying prematurely (escaping) from the burning nest 

The Inflamed Bone Marrow 

       Oxidative Stress – ROS Accumulation 

Genomic Instability – Mutagenesis - Metastastis 



 

Neutrophil Granules 

 
MMM 

• Mobilization  

 

• Metastasis 

 

• Myeloid Metaplasia 









Hematopoietic niches: a new therapeutic target for PMF? 

IFN-Alpha2 



Summary 

• MPNs – the Biological Continuum ? 

• Chronic Inflammation in MPNs –evidence ? 

    -   Epidemiological ? 

     -    Histopathological  ? 

     -    Clinical ?  

     -    Biochemical ? 

     -    Molecular ( eg. gene expression profiling ) ? 

• Perspectives ? 

     - Early Intervention at The Time of Diagnosis ?  

       

 





 

 

 

 

 

 
How To Improve Quality of Life in 

MPNs ? 

 
   

Inhibit Clonal Evolution and Development of Myelofibrosis 

 

     

 

 

 

Early Therapeutic Intervention ?  
                          

 

                      Interferon-Alpha2  

           Statins – JAK1-2 Inhibitor – HDACi? 

 

 

 



? 

IFN-alpha IFN-alpha 

Stem Cell Wake up Call 



Kiladjian, J.-J. et al. Blood 2006;108:2037-2040 

Evolution of JAK2-V617F –Mutation  

during Treatment with Peg-IFN-{alpha}-2a 



Sustained Molecular Response in Polycythemia Vera 

Treated with Interferon Alfa-2b 

 

Figure 1: Bone marrow histomorphology from patient 1 at a) time of diagnosis 1996 and b) 

just prior to treatment with IFN alfa-2b. Both panels demonstrate classical PV features with 

hyperplasia and clustering of morphological abnormal megakaryocytes. Panel c) shows the 

morphologically normal bone marrow from August 2007 (after eight years of treatment with 

IFN-alfa 2b) with total regression of PV features (Larsen T et al  Ann Hematol 2008; 87: 

847–850) 













T-Cell  

T-Cell 

T-Cell NK-Cells 

Tumor Cell 

   Escape 

Defective 

Tumor Immune Surveillance 



T-Cell  

T-Cell 

T-Cell NK-Cells 

  Killing of  

 

Tumor Cells 
      

Enhanced 

Tumor Immune Surveillance 

Interferon-Alpha Interferon-Alpha 

Interferon-Alpha 



        Two Different Scenarios 

 No Access IFN-alpha2            Access IFN-alpha2 

• ”Do no harm” 

• Risk stratification 

 

• Normal blood counts 

• Cytogenetic remission 

• Molecular remission 

• Normal bone marrow 

 

• Minimal residual disease 

• ”Do no harm” 

• Risk Stratification 

 

• Normal blood counts 

• Cytogenetic remission 

• Molecular remission 

• Normal bone marrow 

 

• Minimal residual disease 



        Two Different Scenarios 

 No Access IFN-alpha2            Access IFN-alpha2 

•        STOP  HU 

 

           Sustained 

 

•      Complete HR 

• Molecular remission 

• Normal bone marrow 

• Minimal residual disease 

      

       

•        STOP IFN 

 

            Sustained  

 

•       Complete HR  

•   Molecular remission 

•  Normal bone marrow 

• Minimal residual disease 

A subset of patients 



        Two Different Scenarios 

 No Access IFN-alpha2            Access IFN-alpha2 

•        HU (>10 yrs) 

•          

•          Risk of  

 

•        Skin cancer      ? 

•        MDS/AML      ? 

•      Second cancer    ? 

•         IFN-alpha2 

•         

•            Risk of  

 

•        Skin cancer       ? 

•        MDS/AML       ? 

•      Second cancer     ? 

 



 Major /Complete Molecular 

Remissions after Long-Term 

Treatment ( > 3 -5 years)  

 

 Sustained Molecular Remissions 

      after Discontinuation of IFN-alpha2  

 

 Minimal Residual Disease  

 

 JAK2V617F ET  the Early Phase  

      of PV  in a Subset of Patients 

 

 “ET “ Early Phase of Myelofibrosis 

       in a Subset of Patients  

 MPNs Associated with an 

Increased Risk of Second Cancer 

 

 

 IFN-alpha2 Enhancer of ”Tumor 

Immune Surveillance” 

 

 Early Intervention with IFN-

alpha2 Decreases the Risk of 

Second Cancer ?  

 

 

 JAK2V617F Tumor Promoter ? 

 

 

 







Impaired  

Tumor Immune Surveillance ? 

Chronic Inflammation ?  

Immune Deregulation ? 



Perspectives :  

 

• Down-regulation of HLA-genes is a ”tumor-escape mechanism” by which tumor  

     cells escape the attack from potent immune cells e.g. cytotocic T cells and NK-cells ) 

• Interferon-alpha2 potently upregulate HLA-genes on tumor cells thereby rendering  

     them accessible for tumor killing by IFN-alpha2 

• Early treatment with IFN to enhance tumor cell killing  



Improvement of  

Tumor Immune Surveillance 

Interferon-alpha2 

From the Time of Diagnosis 



DALIAH 

A Danish Study of Low-Dose Interferon-alpha2 

versus Hydroxyurea in Ph-Negative 

Myeloproliferative Cancer 

 
A National Multicenter Study on The Efficacy, Toxicity and QoL 

 
Target  

200 Patients    

    



Use Low Dose : 

 

Pegasys 45 ug x 1 sc/week 

 

PegIntron 30 ug x 1 sc/week 

 

10-20 % side effects   



Interferon Intolerability  

 

& 

 

Interferon Resistance    



Toxicity – Side Effects - Autoimmunity  

Response Patterns   

 

 

• the subgroup of patients with severe side effects ( drop out) -  

a better and more rapid reponse to IFN ? 

 

• The subgroup of patients with autoimmunity during treatment 

with IFN – a better and more rapid response to IFN ?   



Prognostic Significance of Autoimmunity 

during Treatment with Interferon  ?  

Gogas H et al.  

N Engl J Med 2006; 354:709 



 

 

 

 

Combination Therapy  

 

Interferon Alpha2 + JAK Inhibitor   

in Polycythemia Vera and Myelofibrosis  

 
 

 

 
 











T-Cell  

T-Cell 

T-Cell NK-Cells 

Tumor Cell 

   Escape 
Defective 

Tumor Immune Surveillance 

Impaired Antioxidative Defence  



T-Cell  

T-Cell 

T-Cell NK-Cells 

  Killing of  

 

Tumor Cells 
      

Enhanced 

Tumor Immune Surveillance 

Statins   JAK2-Inhibitor    

Interferon-Alpha 

Oxidative Stress 



JAK1-2 Inhibition + Statins  

 Quelling the Fire  

The Inflamed Bone Marrow Statins and Anti-inflammation 
 

• Inhibit leukocyte activation 

• Inhibit platelet activation 

 

• Inhibit release of pro-

inflammatory cytokines          

(eg. IL-6, TNF-alfa) 

 

 

 

 

 

 

 

 

 

 

 

Statins inhibit JAK2V617F-dependent cell growth 

  

Statins enhance JAK2 inhibition 

 



Combination Therapy  

 

Interferon Alpha2 + Ruxolitinib + Statin  
  



HGF: hepatocyte growth factor; IL: interleukin; TNF: tumour necrosis factor 



The Fairytale on Interferon-Alpha2 in The Treatment 

of Polycythemia Vera and Related Neoplasms.  

            Is the Ugly Duckling becoming the Beautiful Swan 

                        only by The Randomized Trial ?  

The Ugly Duckling . A Fairy Tale by Hans Christian Andersen  



 
Chronic Inflammation – Premature Atherosclerosis – Cancer  

 
 



The chicks are flying prematurely (escaping) from the burning nest 

The Inflamed Bone Marrow 



                 Myelofibrosis with huge splenomegaly 

Anemia: bone marrow failure, hemodilution, pooling, sequestration, 

hyperhemolysis, portal hypertension, bleeding        

Hemodilution 

Pooling 

Sequstration 

Hyperhemolysis 

Portal Hypertension 

Inflammation 



AML-M5



The Ugly Duckling . A Fairy Tale by Hans Christian Andersen  

    Combination Therapy Interferon-alpha2 + Ruxolitinib  

        The Beautiful Swan Becoming Even More Beautful  ?  



The Dream Stream Study 

 
Newly Diagnosed  PV and Hyperproliferative MF  

Randomization 

Pegasys  Pegasys + Ruxolitinib Ruxolitinib 

  

















The Future Looks Bright 



Thank you for  

 

your attention  


